ABSTRACT
INTRODUCTION
Helicobacter pylori (H. pylori) is the most common infection worldwide. It is also an important cause of certain health problems such as gastric ulcer, duodenal ulcer (DU), gastric lymphoma, gastric adenocarcinoma (1) (2) (3) . Eradication of this infection has a significant importance for public health.
Since the clarithromycin resistance of the bacteria has been increasing worldwide, Maastricht IV consensus recommended quadruple therapy (QT) which contains bismuth salts, tetracycline, metranidazole and one of the proton pump inhibitor molecule for H. pylori eradication as a first line therapy in regions in which the clarithromycin resistance rate is more than 15-20% (4).
H.pylori positivity has reached up to 95 % in cases of DU (1) (2) (3) and it is important to eradicate this infection to prevent complication related to DU and recurrence of the DU. But there has not been enough data for impact of the QT on eradication success of the H.pylori in patients with DU. In this prospective study, we aimed to investigate success of QT in H. pylori positive patients with DU. Our secondary aim is also to compare eradication rates with different PPIs in H. pylori eradication.
MATERIAL AND METHOD
This prospective, single center study was approved by the Institutional Review Board and performed between February 2010 and June 2011 in consistent with the Helsinki Declaration.
Patients were considered eligible for the study if they had DU with histology-proven H.
Pylori infection. Exclusion criteria included recent use of antibiotic or bismuth salts or proton-pump inhibitors in the last 2 months before the study, chronic use of nonsteroidal antiinflammatory drugs or corticosteroids, severe comorbid diseases, pregnancy or lactation, diarrhoea, prior gastric surgery, and allergy to any of the drugs in the current treatment.
Informed consent was obtained from each patient before enrolling into the study.
The patients were randomly divided into 4 groups. All patients were given a quadruple therapy program for 14 days consisting of colloidal bismuth substrate 300 mg ( equivalent to Bi 2 O3 120 mg; two swallowed tablets , an hour before breakfast and dinner); tetracycline hidrochloride 500 mg (q.i.d., an hour after meals and at bedtime, with ample amount of water); metronidazole 500 mg (t.i.d., after meals) and PPI (b.i.d., 30 minutes before meals) which esomeprazole 20 mg for patients in group 1 (ETMB), lansoprasol 30 mg for group 2 (LTMB), pantoprazole 40 mg for group 3 (PTMB) and rabeprazole 20 mg for group 4 (RTMB).
Detailed written treatment protocol was given to all patients to prevent misuasage medications. Compliance was defined as being taken prescribed drugs more than 90%. .They were actively interviewed about side effects and compliance using a structured questionnaire 1 week after the end of the treatment.
Eradication rate was measured by urea breath test (UBT) at least 6 weeks after the end of the treatment. The C14-UBT was used for this purpose. Patients were informed about not using PPI, H2 receptor blocker, antibiotic and analgesic within one week before to UBT in order to avoid false negativity. After an overnight fasting, 37 kBq (1mCi) of C14 urea/citric acid composition (Helicap, Noster System AB, Stockholm, Sweden) with 250 mL of water was given to patients orally. Breath samples were collected with a dry-cartridge system (Heliprobe Breath Card, Noster System AB). A small desktop Geiger-Muller counter (Heliprobe an alyzer, Noster System AB) was used for the analysis. Results were given both as counts per minute (CPM) and as grade (0: notinfected, CPM < 25; 1: equivocal, CPM 25-50; 2: infected, CPM > 50), as suggested by the manufacturer.
Statistical Analysis:
Helicobacter pylori Eradication 4 Both "per-protocol" (excluded patients with poor compliance of therapy and patients with unavailable data after therapy) and "intention-to-treat" (included all eligible patients enrolled into the study regardless of compliance with the study protocol; patients with unavailable data are assumed to have been unsuccessfully treated) analyses were used to evaluate H.pylori eradication. Statistical analyses were performed by using Statistical Package for the Social Sciences (SPSS 15.0) Program. Categorical variables were presented as percentages or counts and continuous variables were presented as mean and standard deviation in descriptive analysis. Kruskal Wallis test was used to compare eradication rates between groups. Results were evaluated at 95% confidence interval calculated with Wilson's method, and significance was evaluated for each parameter at p value <0.05.
RESULTS
After exclusion of unsuitable patients according to exclusion criteria, 137 patients (70 male, 67 female) were included in the study and 132 (68 male, 64 female) patients completed the study. Five patients (2 male, 3 female) discontinued therapy protocol because of side effects (Table 1) . Treatment was stopped because of the adverse effects in these five incidents (abdominal pain in one male and one female patient; amoxicillin related diarrhoea in one male patient and nausea in two female). These side effects were reversible and resolved after the cessation of the related medication.
According to the results of interviews with patients and evaluation of the questionnaires, the patients tolerated the treatment very well. The most common side effects were loose stool/diarrhoea, abdominal pain and malaise. There was not any morbidity that requires hospitalization or mortality related to the treatment. Kelefi et al 5 Baseline demographic data of the four groups were comparable as shown in Table 1 .
The number of patients for each group was similar. The age and sex distribution were not significantly different between groups (Table 1) .
Average eradication rate was 78.8 % in ITT analysis (n=137 %95 CI 0.71-0.84) and 81.8% in PP analysis for all study group (n=132, % 95 CI 0.74-0.87). ITT analysis showed that H. pylori was eradicated in 82.8 % of patients in the ETMB group, in 80.0 % of patients in the LTMB group, in 80.0 %of patients in the PTMB Group, and in 71.8 % of patients in the RTMB Group. Eradication rates were 85.3%, 84.8%, 80.0%, and 76.7 % in the ETMB, LTMB, PTMB, RTMB groups, respectively in PP analysis. The differences between eradication rates of four treatment regimens were not statistically significant (p>0.05) ( Table   1) .
DISCUSSION
In the present study, Bismuth containing quadruple therapy was given to H. pylori positive patients with DU for 14 days. Four different PPI molecules were used for each group, it was a well tolerable treatment and total eradication rate was 81.8% PP which is an acceptable level but not successful enough.
There are many schemes for treating H. pylori infection, but the best treatment model has not been defined yet, and there is not a single antibiotic treatment that can eradicate it.
Historically, a combination of various antibiotics has been used to eradicate this infection.
Maastricht IV recommends the QT in the regions which show high resistance to clarithromycin above 15-20% (4).
Although some local studies, mostly from China, has reported that the eradication rate has been still above 90%, with QT (6-7). It has been showing differences in different regions.
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ITT ratios have been reported to be 64% , 71,6 %, 72 % in the studies from Greece, Korea, India respectively which used PPI (bid), bismuth (bismuth substrate 300 mg, qid or colloidal bismuth substrate 120 mg q.i.d.), metronidazole (500 mg, t.i.d.), and tetracycline (500 mg, qid) protocol for 7 or 10 days (8-10) and recently performed meta-analyses showed that treatment success has been decreasing day after day [11] [12] . The result of our study is consistent with the results reported in developing countries. There are also similar results from our country which reported that eradication rates were under 80% (13) (14) (15) (16) (17) . Pathogenesis of H. pylori infection depends on the virulence factor of the bacteria and host immune system. It is known that H.pylori is very common in developing countries. Regional differences in terms of virulence factors of H. pylori and differences in host defense mechanisms according to socio-economic and nutritional status can be suggested as possible causes of these controversial results. Different sources of the antibiotics may also be other possible reason for regional differences.
One of the most important factors which affect the eradication success is antibiotic resistance. While alternative treatment modalities have been developed to deal with increased claritromycin resistance, resistance to other antibiotics has risen recently. The prevalence of antibiotic resistance varies considerably from region to region and is related to the habit of using antibiotics. Metronidazole resistance is very high worldwide. In Turkey, metronidazole resistance was reported to be more than 40% in a study. This resistance rate is much higher than clarithromycin resistance which is reported to be more than 30% in our country (8, (18) (19) (20) . While the choice of treatment depends on the clarithromycin resistance, this high metronidazole resistance in developing countries should not be ignored.
Tetracycline resistance is also increasing day by day in different countries. Camargo et al have reported that tetracycline resistance was 6% in Latin America in 2014 (21).
Siavoshi et al have reported that tetracycline resistance reached up to 38.1% from 0.7% in three years in Iran (22) . Although antibiotic susceptibility test was not carried out in this study, previous in vitro studies from our country have reported that tetracycline resistance has been 3.2% in 2000 (23) ; but it has reached up to 9.1% in 2012 (19) (20) . This increasing incidence of tetracycline and metronidazole resistance in H. pylori is a serious concern as it negatively affects the efficacy of quadruple regimen.
Another possible reason of unsatisfactory eradication success can be diversity in terms of drug administration modality in our study. We recommended our patients to use tetracycline after meal instead of with meals for preventing nausea and change in taste sensation in mealtime. This practise may affect bioavailability of the drug.
Differences in mucosal damage of the patients between the study groups (such as duodenal ulcer, gastric ulcer, non-ulcer dyspepsia) may affect the results. Bacteria have numerous of virulence factors. The best known and the most potent of these factors are cagA, vacA, dupA which were shown to be responsible in pathogenesis of DU. These factors are also reported to influence the eradication rate by causing high resistance profiles (24, 25) . In this study, although virulence factor have not been studied, all of the patients have DU and this can be accepted as an affecting factor for eradication rate according to the information obtained from previous studies. In the literature, most of the studies about quadruple treatment have not aimed at patients with only DU. Only one study is available about this issue in Turkey and the results of this study are reported below 80% (26) .
In this study, we evaluated also the role of different PPI molecules on eradication rates by dividing study population into four groups according to received PPI molecule. PPI's are destroyed in the liver by cytochrome P450 enzymes (27) and may affect metabolism of other drugs which are in combination. The clearance of rabeprazole is non-enzymatically at a higher rate (27) . These positive pharmacodynamic and pharmacokinetic features of rabeprazole have led to the idea that efficiency of other drugs is not affected in protocol Helicobacter pylori Eradication 8 which contains rabeprazole and its efficacy on H.pylori eradication has been greater than other molecules. However, studies have showed no significant differences in eradication rates between protocols which contain different PPIs. Consistent with other studies, we have showed that different PPI molecules did not affect the eradication rate (28) .
This study has some limitaitons. It concerns a single centre and includes a relatively small number of subjects and it does not include antibiotic susceptibility testing. But this study is important for alerting decreased eradication rate with bismuth containing QT and possible increase in tetracycline resistance.
In conclusion, tetracycline and metronidazole resistance is increasing in our country.
Therefore, the eradication chances with quadruple therapy are likely to decrease in the near future. In addition, since the patients with DU were infected with more virulent H. pylori strains, the eradication of this subject is a more serious problem. Disease and region specific treatment schemes must be developed considering the regional differences in the character of H. pylori infection and habits of antibiotic use of countries. Although metabolism of PPIs were different, they did not affect the success of eradication.
